Fish consumption is low in Brazil and several factors justify this fact, among them the lack of practicality in preparation. Thus, this study aimed to investigate the relation between the price and the nutritional characteristics of the processed fish products. Correlations between price and nutritional value of 18 different processed fish products were established, comparing nutritional parameters between in natura and processed fish. The results showed that protein features moderate positive correlation to price. The processed fish products analyzed showed lower protein content and higher contents of energy, lipids and sodium compared to in natura fish.
Introduction
Marine extractive fishing remains as the main source of national fish production, accounting for 42.4% of total fish production. In 2010, the northeastern region was the largest fish producer in the country, accounting for 32.5% of the national production, the southern, northern, southeastern and midwestern regions recorded 24.6%, 21.7%, 14.7%, and 6.6%, respectively (Brasil, 2012) .
Increased production and improved distribution channels led to a significant increase of fish supply over the past five decades, with an average growth rate of 3.2% per year in the period 1961-2009, surpassing 1.7% of world population growth per year (Food and Agriculture Drganization of the United Nations, 2012).
Fish is an important diet component in many countries and contributes to 16.6% of world consumption of animal protein.
The world average per capita consumption is 18.4 kg of fish per year. However, there is a considerable difference between the per capita values of fish consumption when data is sectored. Consumption amounts to 24.2 kg of fish per inhabitant per year in developed countries, 28.7 kg in industrialized countries, 11.1 kg in countries with economies in transition, 18 kg in developing countries or areas, and 10.1 kg in low-income countries (Food and Agriculture Drganization of the United Nations, 2012).
In this scenario, Brazil shows one of the lowest average rates of fish consumption per capita per year, 9.75 kg in 2010 (Brasil, 2012) , well below the world average, 18.4 kg per capita and recommended by FAD (12 kg/inhab/year) (Food and Agriculture Drganization of the United Nations, 2009, 2012).
Data from the Household Budget Survey (PDF -in Portuguese) [2008] [2009] show that Brazilians buys 4 Kg of fish per year. However, the scenario is different when data on fish purchase is analyzed separately for the five regions of the country. People in the northern region buy 17.5 kg/year while inhabitants of southern and midwestern regions buy 1.6 kg/year (Instituto Brasileiro de Geografia e Estatística, 2009). The average fish consumption per capita is different from that on fish purchase in Brazil, because PDF considers the availability of fish in the households, not the real consumption practiced by individuals (Maciel et al., 2014) .
Low fish consumption has been related to problems in the distribution and marketing and, mainly, lack of consumption habit caused in part by the lack of practicality in fish preparation. In addition, fish consumption is subject to the purchasing power of consumers and availability fish with suitable quality (Trondsen et al., 2003; Maciel et al., 2013) .
Availability and consumption of fish as convenience food -correlation between market value and nutritional parameters
Therefore, there is the need to bring to the market alternatives to fish consumption. Among these, convenience products are a trend in current market.
A study of the Federation of Industries of the State of São Paulo (FIESP) and the Institute of Food Technology (ITAL) (Federação das Indústrias do Estado de São Paulo & Instituto de Tecnologia de Alimentos, 2010) showed the main trends of food market for the coming years. "Convenience and practicality", proportionally, account for the largest share regarding fish consumption in the country, comprising 34% of Brazilian food consumers from social classes A, B and C. The Brazilian's priority for "convenience and practicality" is mainly attributed to the new lifestyle of the population, which includes little time to prepare meals. The importance of convenience or processed fish products is therefore highlighted, which in addition to "convenience and practicality", they also represent "healthiness and well-being" due to their nutritional value.
The preference for convenience foods is justified because they are more practical to prepare, suggesting a change in the paradigm of industrial scale production with a new configuration in processing food products (Ruiz & Gonçalves, 2011) .
The industrial processing of fish products allows a thorough use of fish, including species with low-commercial value. Fish processing extends shelf life, adds value, and increases consumption, besides generating jobs and income for the population. Therefore, research in the field of fish technology is necessary to develop fish products primarily for human consumption such as fishburger, nuggets, sausages, surimi, among others (Marengoni et al., 2009) .
In view of the low fish consumption in Brazil and the current trend of the food market for convenience, practicality and healthiness, this study aimed to investigate the relation between the price and the nutritional characteristics of the processed fish products.
Materials and methods
Prices of 18 convenience fish products were collected. The data were obtained in the retail market, in 28 supermarkets, in 21 cities around the country. For products belonging to the same category and brand, the average price was considered due to price differences between cities.
The nutritional value of fish species marketed in natura, namely hake, tilapia, pintado (spotted sorubim), tambaqui, shrimp and salmon was evaluated comparatively with the nutritional value of processed fish available in the market with a basis of these species.
For in natura species, five variables were considered for the nutritional value (proteins, energy, saturated fat, total fat and sodium) available in the Brazilian Paulo, 1998) . Nutritional information of processed fish products was obtained on the product packaging.
Data were analyzed through a quantitative description. The descriptive analysis included calculations of proportions and 95% confidence intervals.
Data normality was tested and the Spearman correlation test was applied to check possible associations between variables, price and nutritional value of the product. The statistical program SPSS was used and the significance level p < 0.05 was considered.
A description of nutritional value was made of the processed fish product and the equivalent in natura and between the price and the nutritional value.
Results and discussion
The price range for the 18 varieties of processed fish products proved to be wide and diverse. The values ranged from US$ 3.03/kg for fish steak to US$39.08/kg for sliced smoked salmon. The average was US$ 14.22 (±US$11.30) the period of data collection.
The nutritional value of processed fish products showed heterogeneity. The average values (in 100 g) for energy were 172.55 kcal (±54.71), protein 14.05 g (±4.90), total fat 7.45 g (±4.52), saturated fat 2.29 g (±1.99) and sodium 414.5 mg (±272.8).
The correlation analysis between price and nutrients registered on the product label indicates significant correlations with statistical significance (Table 1) .
There was positive significant correlation (Levin & Fox, 2004) between price and protein, as well as price and sodium. Thus, as the product price increases, the protein and sodium contents in the product also increase.
There was also significant positive correlation, as expected, between energy and total fat, energy and saturated fat, as well as total fat and saturated fat. This relationship shows that these items are associated with each other and as the fat content increases, the energy contents also increase in the product.
The nutrients in processed fish products were compared to the source in natura fish and the results are described in Table 2 .
The energy value of processed products can reach 376.5% compared to in natura fish, for instance, shrimp nuggets. The increased amounts of calories in western diet is attributed among other factors to innovation processes before food industrialization (Bleil, 1998) .
The incorporation of other ingredients to the main raw material, such as flour and fat, are responsible for the energy supply of lipid of these products. In addition, nuggets are usually pre-fried before freezing, which also contributes to this increase. Considering that this preparation procedure is also used in households in Brazil, this increase of energy supply should not be attributed solely to industrialization. The protein reduction that occurred due to incorporation in the calorific components to the product could be intensified in Mechanically Separated Meat (MSM) products (nuggets, fishburgers) because the washing process necessary to obtain these products removes soluble proteins (Grantham, 1981) . The literature reports decrease in protein content of approximately 53% during the washing process of hake (Cynoscion striatus) nuggets (Simões et al., 1998) .
According to Brazilian law, food nuggets must present values equal to or greater than 10% for protein in their compositions (Brasil, 2001) . In the data survey of this study, one product, shrimp nuggets, presented 8% of protein, showing non-conformity.
The increase of lipids and, consequently, of kilocalories is greater when product is fried by immersion in oil. In cooking, lipids are known to enhance flavor and satiety sensation, however, the most appreciated attributes are favoring aroma and texture of foods (Salinas, 2002) .
The acceptance of food preparation through frying is universal and appreciation is observed in different population groups (Perkins & Erickson, 1996) . Frying is used in households, however, mostly commonly adopted in restaurants where it is considered advantageous due to the need for agility in services (Ans et al., 1999; Cella et al., 2002) .
Currently, there is strong concern on the part of the population in general with healthfulness of foods consumed. Therefore, more and more the frying process is replaced for other cooking methods (Brasil, 2014) . Processed fish products suggesting the use of baking in replacement of frying are described in the scientific literature. Baked tilapia quenelles showed good sensory acceptance, emphasizing the feasibility of this cooking method. In addition, as it is not buttered and pre-fired, the quenelles presented only 147 kilocalories and 7.1 g of total fats in 100 g, significantly below the values observed for the commercial product, tilapia strip nuggets (Angelini et al., 2013) .
A concern of many processed products in general, as well as processed fish products analyzed in this study, is the significant sodium content, whose excess intake is associated with the development of hypertension, cardiovascular and kidney diseases, the main causes of hospitalizations and deaths in Brazil and in the world (Sarno et al., 2009) .
In this study, in relation to in natura fish, the increase in sodium content is 169.6% shrimp nuggets, reaching 1,063% for smoked salmon pâté. It should be highlighted that fish is never consumed without any seasoning in households. The World Health Drganization (WHD) recommends a maximum consumption of 2000 mg (2 grams) of sodium a day, which is equivalent to 5 g of salt, however, Brazilians currently consume more than twice this amount (Instituto Brasileiro de Geografia e Estatística, 2009).
With the focus on healthiness, strong tendency of the food market, food processors need to invest in alternatives to reduce the concentration of sodium chloride in their products.
Several salts give foods a salty taste, such as potassium chloride. However, most of these salts show a characteristic residual flavor, which hinders their acceptance (Sahoo et al., 2004) . The use of taste enhancers contribute to the reduction of this residual taste and mask the perception of reduced sodium chloride, for example, yeast extracts, lactates, and nucleotides (Pérez-Alvarez et al., 2010) .
The inclusion of fish into the food service segment is increasingly incisive and government programs encourage such inclusion, for example, the project "Promotion of Fish Consumption at School Lunch" created by the Ministry of Fisheries and Aquaculture (MPA) in conjunction with the National Education Development Fund (Fundo Nacional do Desenvolvimento da Educação, 2010).
Assessment on consumption of eight groups of processed foods in the city of São Paulo showed that the sausages, burgers and nuggets take the third place in the ranking of most consumed products (Barros, 2008) . This shows the need to encourage consumption of these fish-based products, as well as investment by industry in promoting these products on the market. This trend has reinforced the fact that consumers nowadays are increasingly willing to buy minimally processed foods. Thus, for fish products it is no different, since the product in natura requires time and skill for cutting and cleaning. About 70% of the tilapias produced in São Paulo, for example, is offered in supermarkets in fillets (Sussel, 2011) .
There is also the viable proposal for a package with modified atmosphere, which can be closed after use allowing the consumer to remove only the quantity needed for each meal (Fitzsimmons et al., 2009) .
Clearly, although buttered and fried product pleases the consumer sensorially, consumers demand foods that provide healthiness and well-being, a current and strong market trend for years to come (Federação das Indústrias do Estado de São Paulo & Instituto de Tecnologia de Alimentos, 2010). The food industry needs to follow this trend and invest in the creation of ready meals and other products that meet this demand.
Conclusion
In general, there is no variety of these products on display as well as prices compatible with the quality of the products offered.
There is a positive and statistically significant association between protein content in convenience products and their prices, which suggests a high nutritional quality and cost/benefit advantage for purchase.
The products studied showed contents sodium and energy higher than conventional products and the original raw material. This occurs because of the addition of other ingredients and, or the proposed product preparation, which may affect product healthiness.
The product price is greater as the sodium content increases, which disqualifies the cost/benefit of processed fish products. However, the use of salt in Brazilian cuisine is the determining factor in sodium intake for the population that should be considered. In case of salt intake, its control should not be limited to only removing industrialized foods from the diets.
Research on fish processing allows the development of products with lower lipid and sodium contents, ensuring sensory quality and that can be adopted by food processors to place convenience foods within the categories "healthiness and well-being" and offer "convenience and practicality".
